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INTRODUCTION. 

Superphosphate is now one of the most important of the world’s arti- 
tidal fertilisers and the annual pre-war consumption amounted to nearly 
15,000,000 tons. It is commonly marketed in jute containers. These suffer 
some damage in contact with the superphosphate and considerable economic 
loss and inconvenience are sometimes incurred. 

The protection of jute bags used for the transport of superphosphate 
has received a great deal of attention in the past, particularly by manufac¬ 
turers, and the value of many treatments has been tested under field con¬ 
ditions. Unfortunately, the great majority of the tests have led to incon¬ 
clusive results and there appears to be little standardisation—at least in 
Australia—of practices designed to lengthen the serviceable life of bags used 
for superphosphate. Pre-treatment of bags with suitable chemicals is re¬ 
ported to be routine practice in many factories in some countries, but in 
Western Australia the use of high grade Nauru and Ocean Island rocks in 
the past has rendered any action unnecessary as a general rule. Every 
season some complaints of severe damage have been received, but these are 
not numerous and are confined to parcels railed in the very hottest weather. 

During the summer period of 1941/42 when a proportion of rock 
phosphate from the Egyptian ports of Kosseir and Sofaga was used in 
the manufactuie of superphosphate, many complaints were received regard¬ 
ing the damage to superphosphate bags and railway tarpaulins. The com¬ 
plaints were so general that it was apparent that some new factor had 
arisen and would need to be controlled for adequate protection of bags and 
tarpaulins used in the despatch of superphosphate made from Egyptian 
rock. 

Attempts had been made, before the introduction of Egyptian phos¬ 
phate, to devise protective treatments. In 1919 the Agricultural Depart¬ 
ment recommended that empty bags on farms should be dipped in milk of 
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Umo and then dried before storing for future use. Manufacturers, also, had 
tried out a variety of treatments, including— 


(a) Dippingt 

Bags were dipped in sodium acetate solution in Calcutta prior to 
shipment. Locally they were soaked in water and in solutions such as 
black boy gum, sugar, bluestone-soda ash mixtures, copper naphthalate and 
sodium silicate and dipped in solutions of sodium acetate, soda ash, milk of 


lime, gypsum, superphosphate, plaster of Paris and “Rot Proof.” In 
practice, however, the labour involved in dipping and drying makes the 
process unsuitable. 


(b) Dusting and Spraying. 

The dusts included powdered limestone, lime, soda ash, rock phosphate, 
diealeinm phosphate, plaster of Paris, gypsum; the sprays were solutions 
of soda ash. Sprays and dusts may be used with little expense and, if effec¬ 
tive, could be adopted as routine practice. 

In 1938, in response to a request for an investigation from the Wheat 
and Wool Growers’ Union of Western Australia, the Council for Scientific 
and Industrial Research stated that a thorough investigation into the causes 
of deterioration had been undertaken at the Perth works of the Common¬ 
wealth Fertilisers and Chemicals Limited and summarised the findings as 
follows:— 

The damage to the bags is apparently caused by slight traces of 
gases of the halogen group, which are always present in superphos¬ 
phate. Fluorine is believed to be the principal destructive agent. In 
a series of tests carried out on bags stacked in piles, it was found that 
the maximum damage was done in the upper layers, and the upper 
side of the bags invariably suffered more than the lower side. A pro¬ 
tective treatment has been developed which has given satisfactory results 
in practical tests. This treatment involves immersing the bags in a 
solution of sodium acetate, and costs approximately 9d. per dozen bags 
to apply. It has been found that the damage can be minimised by 
arranging stacks in such a way that free evaporation of moisture and 
corrosive gases can occur on the upper surfaces of the stack. The 
damage usually occurs in the trucks when moist vapour collects under 
the tarpaulin and recondenses during the night-* 

SCOPE OF THE PRESENT INVESTIGATIONS. 

The present investigation considered (1) the nature of the superphos¬ 
phates; (2) factors likely to be responsible for the damaging effect on 
bags and tarpaulins; (3) measures likely to assist in the protection of the 
bags. 

(1) Nature op the Superphosphates. 

The superphosphates investigated fall into two groups. 

(i) Those manufaehvTd from phosphate rock from Nauru. Ocean and 
Christmas Islands, which are very low in hydrochloric acid but contain 
hydrofluoric acid. 


* Letter of September 23, 193S, Department of Agriculture file No. 837/38. 








The Deterioration of Jute Materials. 


3 


(ii) Those manufactured from Egyptian f rock phosphates containing 
appreciable quantities of hydrochloric blit little, if any, hydrofluoric acid. 

Expressed as HC1, the chloride content of the first group is from 
0-01 to 0-02% and, in the second group, 0-09% for Sofaga and 0-16% 
for Kosseir. 

The use of Christmas Island and Egyptian rock phosphates in place of 
those from Nauru and Ocean Island brought about a change in manufacturing 
processes. For the production of the required percentage of water soluble 
phosphate, Christmas Island rock required from 5 to 10% more acid than 
the Nauru and Ocean Island Rock. The Egyptian ma'erial was readily 
attacked by the acid. As the Egyptian phosphate was of lower grade than 
the Christmas Island, the commercial superphosphates were made by mixing 
the two types in appropriate proportions to obtain a mixture containing 22% 
total phosphoric oxide, with 20-25% being water soluble. The new super¬ 
phosphate gave a free acidity (as H.SOJ, generally of from 1-4 to 1-0% 
as compared with 0-8 per cent, to 1-0 per cent, for Nauru and Ocean Island 
superphosphates. 

Certain manufacturers arranged to neutralise part of this excess acidity 
by the incorporation of small amounts of finely ground limestone and it was 
found that the practice was sufficiently satisfactory for it to be adopted as 
a routine measure. The spraying with soda ash solution of the upper sides 
of the topmost bags in the trucks, where contact with the railway tarpaulins 
would be made, was found to afford further protection. 

(2) Factors Likely to Cause Deterioration of Jute Materials. 

The deterioration of jute materials under varying conditions was in¬ 
vestigated. Materials were studied, firstly in stacks designed to simulate 
actual railing conditions and, secondly, under laboratory conditions. 

The materials were tested under standard conditions with apparatus 
kindly lent by Messrs. Cuming Smith and Mt. Lyell Farmers’ Fertilisers 
Limited.* * Measurements were made of the tensile strength of the jute 
material. At first, tests were made with strips of jute sacking exactly- 
one inch in width and cut across the bag so that the strength of the shot 
fibres was determined. As this method proved cumbersome and slow, later 
tests were made with five-ply jute twine of the type commonly used for 
sewing bags.f 

Tests were first of all carried out with new jute materials and there 
was found to be a very substantial variability in the tensile strength of 
untreated fabric and twine. With strips of material the tensile strength 
varied from 125 to 197 lbs. for strips one inch in width. The majority of 
the tests were in the neighbourhood of 140 lbs. and this figure is adopted 
as the normal tensile strength of a jute strip one inch in width. With five- 
ply jute twine the range was from 25 to 52 lbs. and the normal tensile- 
strength is taken as 36 lbs. 

t The Egyptian rock phosphates were shipped from two Red Sea ports, Kosseir and 
Sofaga. Shipments were kept separate* in tho investigation but nothing is known regard¬ 
ing the source of the material represented by eac-h shipment. 

* The laboratory tests* on jute materials and tensile strength determinations were made 
in the Department of Agriculture laboratories. The chemical determinations were made 
in the Government Chemical Laboratory. 

+ Collateral tests on railway tarpaulins and similar fabrics were made by Dr. C. R, 
Kent at the Railway Laboratory, Midland Junction. 
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From the tests on new material it became obvious that the humidity o£ 
the air above the superphosphate affected the tensile strength. Whereas 
the normal tensile strength of twine may be taken as 35 lbs., six strings 
under examination in bottles averaged more than 40 lbs., the difference 
being due to the fact that the humidity above the superphosphate was 
greater than that of the atmosphere. The string absorbs moisture and 
increases in tensile strength; drying decreases the tensile strength. Owing 
to this variability, conclusions can only be based on major differences. 

On the other hand, experimental conditions were severe and it is thought 
that differences of practical importance are so magnified that the observed 
effects on the twine are highly significant. 

In tests on damaged material, the extent of the damage affects the 
accuracy of measurement. Jute materials damaged by superphosphate are 
discoloured brownish or reddish; the fibres become brittle and, in cases of 
severe damage, are furry in appearance and powder in the fingers. Under 
these conditions they cannot be bent or tied and tests were therefore made 
by means of a straight-out pull. In consequence, the resultant figures may 
be somewhat higher than could be expected from bags being handled in 
transport. Where the tensile strength for twine is less than 5 lbs. the 
destruction may be regarded as practically complete; a tensile strength of 
2(1 lbs. indicates severe damage. 

Tests on damaged jute materials followed three main lines of investiga¬ 
tion— (i) tests on superphosphate bags returned from the country; (ii) 
laboratory tests to determine the action of superphosphates from rocks of 
different sources on jute materials; (iii) determination of relationship be¬ 
tween temperature and severity of damage. 


(i) Tests an Superphosphate Bags Returned from the Country. 

In order to obtain information regarding the damage to superphosphate 
bags during the 1942 despatch, arrangements were made in February for 
the collection of representative bags by district officers of the Department 
of Agriculture. These were obtained subsequent to the hottest part of the 
weather and also subsequent to the initiation of control measures by the 
manufacturers. 

It is well established that, in railway trucks, damage is always most 
severe on the upper sides of bags in contact with the tarpaulins. Maximum 
temperatures develop at these points and there will be a tendency for volatile 
substances to be liberated and concentrate where temperatui’es are highest. 
Whether condensation during the cooler night periods is a factor is not 
known ; in the later laboratory tests (p, 9) no condensation occurred and 
the action was very severe. 

Standard strips were selected to represent varying positions of the bags 
in the trucks and, where information was available, the upper and lower 
sides of the bag. Examination of the bags showed that deterioration was 
not uniform—some parts were relatively strong and other parts almost 
rotten. 

Tests of tensile strength showed that three specimens of the eleven bags 
containing superphosphate were seriously damaged. These were despatched 
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early in the season and apparently suffered hot weather in the trucks. The 
remaining eight bags were normally sound for superphosphate bags.* 


(ii) Laboratory Tests to Determine the Action of Superphosphates from- 

Rocks of Different Sources on Jute Materials. 

In this section of the investigation two series of tests were made. 

In the first series, standard strips of sacking were placed in stoppered 
bottles containing superphosphate.. Some strips were in contact with the 
superphosphate ; others were suspended in the vapour phase above it. The 
bottles were exposed to the weather on a roof for a number of days before 
the determination of the tensile strength. These tests were carried out 
during two periods, January 22nd to 28th and February 3rd to 13th, 1942. 
file first period was the hotter, the maximum solar radiation temperature 
being 70°C. and the average 63°C., compared with 04°C. and 60°C. for 
the second period. 

The results of the first test are given in Table 1, and from them the 
following principles emerge; 

(a) There appears to be no relationship between the amount of the 

excess acidity and the damage to the fabric. 

(b) Superphosphate containing chloridef but little or no hydro¬ 

fluoric acid, as shown by freedom from etching in the glass 
containers, caused most severe damage. 

TABLE 1. 


Su per phosph ate. 


Excess 

Acidity. 

(% h 2 so 4 ) 


Water 
Soluble 
Chloride 
as % HC1. 


Tensile 

Strength. 

lbs. 


A.—Superphosphates causing moderate to severe etching . 


Nauru I. . 

0-G 

nil 

Christmas 

1-6 

nil 

Nauru I. plus 0-5% HF. 

... 

nil 

Naum I. plus 0-7% H 2 SO,. 

... 

nil 


82 

79 

52 

48 


Kosseir I. 


B.—Superphosphate causing little or no etching but containing chloride . 
. 0-9 | 16 | 


39 


In the second series of tests, five-ply jute twine was substituted for the 
strips. Eight-inch lengths of twine were used in 2-ounce bottles containing 
20 grams of superphosphate. At least six pieces of twine were used for 
each test and all treatments were carried out in an electric oven at the 
required temperatures for a period of three days and four nights. 


* Tests carried out at the same time on bags containing Potato Manure ES (of which 
potassium chloride is a constituent) despatched in hot weather, showed very serious 
damage. 

t Egyptian phosphate rock is mined at a depth of about 1,000ft. and occurs as a 
layer below ground water level. The rock contains a small amount of water soluble 
chloride. One sample analysed by Mr. Walker, of Cresco Fertilisers Ltd., contained 0 3G% 
water soluble chloride, equivalent to 0.59% sodium chloride. Another, representing 
another shipment, contained water soluble chloride equivalent to 0.64% sodium chloride 
The ground water is probably somewhat saline and the deposit of salt is left on the rock 
when dried prior to, shipment. 
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Tests were made with superphosphate and also with gTOund rock phos¬ 
phate from Nauru Island, Christmas Island, Kosseir and Sofaga. In eon- 
tact with superphosphate, damage always occurred but the extent varied 
with the nature of the superphosphate and the temperature. Untreated 
rock proved to be entirely inert both when in contact and when the jute 
was in the vapour phase. There is no doubt that the active agent is 
liberated as a result of the treatment with sulphuric acid. 

(iii) Relationship Between Temperature' and Severity of Damage. 

This section of the investigation dealt with the effect of temperature 
on the different types of superphosphates and on superphosphates manu¬ 
factured from rock phosphate to which chlorides had been added. 

Enquiries and preliminary investigations had indicated that tempera¬ 
ture was an important factor in the deterioration of jute materials and that, 
in the vapour phase, damage only occurred above a certain temperature. 
Investigations on jute twine were carried out in the laboratory under con¬ 
ditions ranging from room temperature (21° C.) to an oven temperature of 
75°C. and the results are set out in Table 2. 

TABLE 2. 


Temperature. 

°C. 

Superphosphate. 

Nauru, t 

Cliristinas.f 

Kosseir A 4 

Sofaga A4 

Contact. 

Vapour. 

Contact. 

Vapour. 

Contact. 

Vapour. 

Contact. 

Vapour. 

Room Temperature 

45 . 

50 . 

00 . 

70 . 

75 . 

lbs*. 

32 

20 

IS 

7 

4 

3 

lbs. 

41 

35 

40 

33 

14 

8 

lbs. 

30 

32 

20 

15 

5 

2 

lbs. 

40 
30 
38 
35 
33 
21 * 

lbs*. 

39 

15 

12 

1 

1 

lbs*. 

40 

37 

43 

18 

0 

lbs. 

40 

21 

7 

2 

lbs. 

50 

32 

* *46 
20 

Tree Acidity % H 2 SO, .... 

0*6 

l 

0 

00 

1 • 

50 

Water Soluble Chloride % 









IK 1 . 

nil 

nil 

0* 

16 

0* 

11 


* V cry variable duplicates. f Room temperature range lt)°C. to 27°C. 

+ Room temperature range 18°C. to 22°C. 


In this test the two groups of superphosphates were found to behave 
somewhat differently. In the fluoride group, deterioration in contact in¬ 
creased more or less regularly with increase in temperature, the Nauru 
becoming damaging at about 50°C. and the Christmas Island at about 60°C. 
In the vapour phase no activity was apparent until about 70°C., which 
tempeiature may be regarded as threshold for excessive damage in this 
group. Etching of the glassware in contact with the superphosphate sug¬ 
gests that hydrofluoric acid is the causative agent. In the chloride group, 
deterioration in contact occurred at a lower temperature both Kosseir and 
Sofaga becoming damaging at about 45°C. The Ivossier proved more severe 
and m the vapour phase was damaging at 60°C. Hydrochloric acid, formed 
by the action of sulphuric acid on the original chloride, appears to be the 
causative agent. 
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The effect of chlorides in superphosphates on the tensile strength of 
jute twine was further tested on an experimental scale by adding various 
chlorides to Nauru rock phosphate prior to acid treatment in the manufacture 
of superphosphate. Sodium chloride, calcium chloride and magnesium 
chloride were used but, as the results were similar, only figures for sodium 
chloride are given. These are shown in Table 3, where they are compared 
with superphosphate from Kosseir rock. 

TABLE 3. 


Chloride Content (as % HC1). 


Temperature. 

Nauru 

phosphate. 

Nauru phosphate plus 
sodium chloride. 

Kosseir 

phosphate. 

None. 

0-102. 

0-94. 

'0-16. 



lbs. 

lbs. 

Ibs. 

lbs. 

f)0°C. 

contact ... 

31 

10 

1 

12 


vapour . 

42 

43 

16 

43 

60°C. 

contact ... 

18 

2 

zero 

1 


vapour ... 

40 

29 

6 

18 

70°C. 

contact ... ... ... 1 

12 

2 

zero 

1 


vapour ... 

39 

40 

9 

9 


The results show conclusively the extremely damaging effect of super¬ 
phosphate made from rock containing chlorides. Excessive damage occurred 
both in contact and in the vapour phase and the degree of damage increased 
as the concentration of the chloride was increased. This confirmed that 
hydrochloric acid liberated by the action of the sulphuric acid on the 
chloride in the course of manufacture is the causative agent in the case of 
superphosphate made from Egyptian rock. 

Tests on jute materials were also made with aqueous solutions of 
hydrochloric, hydrofluoric and nitric acids and sodium fluosilicate and with 
a solution of sodium fluosilicate in 5 per cent, sulphuric acid. The tensile 
strength of the jute twine suspended in the vapour phase above these 
substances for three days and four nights at 70°C. and of dry and moist 


twine were as follows:— 

lbs. 

3 per cent hydrochloric acid .. . . .. .. zero 

3 per cent hydrofluoric acid . . . . . . . . 27* 

6-5 per cent, nitric acid . . . . . . .. 7 

Sodium fluosilicate aqueous solution .. . . . . 37 

Sodium fluosilicate in 5 per cent, sulphuric acid . . 14 

Dry twine . . . . .. . . . . .. 31 

Twine suspended above distilled water .. .. 4.1 


•The bottle containing the hydrofluoric acid was waxed to protect the glass. How¬ 
ever, the wax melted and floated on the solution so that 27 lbs. may not be an accurate 
figure for the damaging effect of hydrofluoric acid on the jute fabric. 
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These tests further confirmed that hydrochloric acid was the most 
damaging substance although it is possible that all of these agents may take 
part in the damage which occurs in the vapour phase. No explanation of the 
effect of the sodium (luosilicate in 5 per cent, sulphuric acid is offered. 

(3) Measures Ltkely to Assist in the Protection of the Bags. 

This section of the investigation concerned treatment of the bags and 
treatment of the superphosphate, and materials were studied firstly in 
stacking tests (in which bags containing different superphosphates were 
stacked in the open under tarpaulins to simulate railway conditions) and 
secondly in the laboratory. 


(i) Stacking Tests. 

Stacking tests were designed by manufacturers and carried out at two 
metropolitan factories. Both bags and superphosphates were subjected to 
treatment and, after being stacked for about a month, the bags were tested 
in the laboratory. The results of two separate tests are given in Tables 4 
and 5 respectively. 


TABLE 4. 


Super 

Mixture. 

Super 

Treatment. 

Bag Treatment. 

Tensile Si 
Sacking 1 

Upper 

side. 

brength of 
inch wide. 

Lower 

side. 




lbs. 

lbs. 

Xmas-Egypt 

2% CaC0 3 

None 

94 

118 


None 

Lime clust ... 

86 

122 


99 ... 

Soda-ash solution, \ hour 

72 

100 

f j 

99 • • * 

Soda-ash dust 

70 

125 

9 9 

99 • • * 

Soda-ash spray, 30gm/bag 

56 

90 

9 9 

J) * * * 

Limestone dust 

25 

72 

9 9 

5% phos. 

None ... . 

24 

76 


rock 




99 

None 

Dicalcium phosphate dust 

23 

86 

99 

99 ••• 

Phosphate rock dust 

18 

76 

99 

99 • •• 

None 

18 

75 

99 

99 * • • 

Rot proof solution, £ hour 

18 

82 

99 

99 *• • j 

Gypsum solution, 48 hours 

14 

105 

9 J 

99 

None 

12 

62 

99 

99 • •• 

Lime solution, 48 hours* 

12 

46 

99 

99 * * • 

Immersed in water, 48 hours ... 

10 

96 

5? 

99 • • • 

Gypsum dust 

10 

40 

99 

99 •• • 

| 

Super solution, | hour ... 

8 

64 


* Bag appeared completely rotted in patches. 


In Table 4 the treatments are arranged in order of increasing deteri¬ 
oration of the fabric on the upper sides of the bag's as they lay in the stack. 
From the results given, it is obvious that mildly alkaline substances, either 
mixed with the superphosphate or impregnated in the bags, are protective, 
the best effect being obtained by mixing 2% ground limestone with the 
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superphosphate. Soda ash used either as a dip, dust or spray, proved 
almost as effective. Other treatments were of little or no use. Soaking 
in superphosphate solution hastened deterioration and immersion of the bags 
for half an hour in lime solution proved highly damaging. 

TABLE 5. 


Sample 

Superphosphate 

or 

Super. Mixture. 

Free 

Acidity 

(%H 2 S0 4 ). 

Super, 
treatment- — 
Per cent, of 
ground 
limestone* 
added. 

Bag 

treatment —• 
Upper sides 
sprayed with 
soda ash 
solution. 

Tensile Strength of Sacking 

1 inch wide (lbs.). 


Upper Side. 

Lower Side. 

13 

Nauru Island.... 

1-03 

none 

none 

22 

58 

66 

7 

Christmas Is. 

1-19 

none 

none 

32 

10 

Egyptian 

2-30 

none 

none 

30 

52 

2 

C hr istinas- E gypt 
mixture 

1-75 

none 

none 

8 

34 

15 

do. 

1 • 75 

none 

0% soln. 

54 

52 

18 

do. 

1 *75 

none 

20% soln. 

72 

44 

3 

do. 


2 

none 

21 

44 

16 

do. 


2 

10% soln. 

78 

42 

19 

do. 


2 

20% soln. 

89 

60 

4 

do. 


4 

none 

48 

84 

17 

do. 


4 

10% soln. 

84 

78 

20 

do. 


4 

20% soln. 

120 

79 


* Contains about 60% CaC0 3 . 


Table 5 generally confirmed the results of Table 4 and emphasised that 
damage is most severe on the upper sides of the bags in contact with the 
tarpaulin. In this test 2% ground limestone was insufficient to afford more 
than very slight protection but 4% gave considerable protection. T lie- 
variation in the results of the two tests is due to differences in weather 
conditions. The amount of limestone added must, therefore, be adjusted to 
meet the needs of each type of superphosphate* and must be sufficient to 
allow for temperature variations likely to occur during transit. 


(ii) Laboratory Tests. 

The laboratory tests followed two lines of investigation: the protection 
afforded by incorporation of calcium carbonate in the superphosphate and 
the reduction of the proportion of acid used in preparing the superphos¬ 
phate. 

(a) Incorporation of Calcium Carbonate . — Throughout these tests 
finely divided precipitated calcium carbonate (Merck) was used and the 
required quantities were thoroughly mixed with the superphosphate. 

The first series of tests were run in conjunction with the assessment of 
damage to strips of jute sacking by superphosphate exposed on the roof 
in February, 1942 (p. 5), the superphosphate in this case containing from 
2% to 6% of added calcium carbonate. The tensile strength of the sacking 
is given in Table 6. 


♦Experience in a factory in 1943 indicates that more than 5 % ground limestone 
may cause setting of the superphosphate. If less than 3 % is used, adequate protection 
of the bags may not be accomplished. 
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TABLE 6. 


Tensile Strength of sacking 1 inch wide (lbs.). 


Superphosphate or 
Superphosphate Mixture. 


Amount of precipitated calcium carbonate added. 



None. 

2%- 

4%- 

6%. 

Nauru ... 

no 

150 



Christmas . 

129 

129 

144 

136 

Egyptian 

102 

132 

136 

146 

Kosseir ... 

35 

128 

172 

... 

f Christmas 84% ... 





Mixture < Egyptian 14% ... 

128 

150 

152 

... 

(^Limestone 2% ... 






Tit this table only contact figures are given as, with the exception of 
Nauru superphosphate which for some unaccountable reason showed de¬ 
terioration, no damage was observed in the vapour phase. The table shows 
the severe damage caused by Kosseir superphosphate in contact with 
Jute and, further, confirms the results of stacking' tests on the efficacy of 
added calcium carbonate. The weather during this period was not excessively 
hot. 

Standard laboratory tests using jute twine were then carried out on the 
effect of addition of 2% precipitated calcium carbonate to Nauru and 
Christmas Island superphosphates over a range of temperatures from 10°C. 
to 75° C. The results are given in Table 7. 


TABLE 7. 


Temperature. 

°C. 

Tensile strength of jute twine (lbs.) in contact with— 

Nauru Superphosphate. 

Christmas I. Superphosphate. 

Without 

CaC0 3 . 

1 

With 2 per 
cent CaC0 3 . 

Without 

CaC0 3 . 

With 2 per¬ 
cent. CaC0 3 . 


lbs. 

lbs. 

lbs. 

lbs. 

19-27 . 

32 

38 

39 

40 

45 . 

26 

37 

32 

42 

50 . 

18 

36 

29 

33 

60 . 

7 

30 

15 

27 

70 . 

4 

36 

5 

22 

75 

3 

34 

2 

20 


These results show practically complete protection for Nauru super¬ 
phosphate up to 75° C. but only 00° C. for Christmas Island. 

Standard tests were next carried out on Ivosseir and Sofaga super¬ 
phosphates with varying added amounts of calcium carbonate at 70°C., the 
results being given in Table 8. 
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TABLE 8. 


(Tests made at 70°C.) 


Superphosphate. 

Per Cent, of 
Calcium Carbonate 
added. 

Tensile Strength of jute twine. 

Contaet. 

Vapour. 



lbs. 

lbs. 

Nauru 

none 

4 

14 


. 2 

36 

33 

Christmas 

none 

5 

33 


2 

22 

35 

Kosseir ... 

none 

1 

9 


2 

9 

34 


10 

4 

36 


12 

11 

38 

<Sofaga 

none 

2 

20 


2 

12 

37 


10 

12 

38 


12 

32 

34 


These results are discouraging in that large amounts of calcium car¬ 
bonate were necessary to afford protection to jute bags when in contact 
with Ivosseir and Sofaga superphosphates at high temperatures. Protection 
in the vapour phase was satisfactory with 2% added calcium carbonate. 

(b) Reduction in the Amount of Sulphuric Acid used in Manufacturing 
the Superphosphate. —As it was first thought that the increased acidity of 
the new season’s superphosphate (p. 3) was an important factor in pro¬ 
moting the damage observed in the 1941/42 season, the effect of using less 
than the customary amount of acid was investigated. Standard tests were 
made on jute twine, using first the usual amount of acid in the manufacture 
of the superphosphate and then 95, 90 and 85% of this amount. The results 
are given in Table 9. 

In each case the superphosphate was allowed to mature for at least one 
month before testing. 

In no instance does this table indicate any significant difference in the 
damaging effect resulting from variations in the amount of acid used. Fur¬ 
thermore, the free acidity of the superphosphate was always substantial, 
irrespective of the amount of sulphuric acid used in its preparation. It 
seems that the responsible agent is released in damaging amounts in the 
initial stages of the reaction between the acid and the rock; the reaction 
between the acid and the rock phosphate does not go to completion and 
there is always a residue of free sulphuric or phosphoric acid in the 
superphosphate which decreases slowly with time during storage. The 
residue of unattacked rock in the superphosphate, which is not acted on 
by the remaining acid, does not protect the bags from damaging agents. 
This conclusion is supported by the finding (in Table 4) that rock flour 
was ineffective as a protective agent. 


















12 


L. J. H. Tisakle and fi. E. Kiel. 


TABLE 9. 


Rock. 

Proportion 
of acid 
used in 
m anufact nrc. 

Free 

Acidity 

Of 

/o 

h 2 so 4 . 

Water 

Soluble 

Chloride 

<%HC1). 

Tensile strei 
twine in c 
superphosj 

45°C and 

55 °C. 

ngth of jute 
ontact with 
)hatcs (lbs.) 

70°C. 





55°C 

1 

Nauru ... 

100 

117 

less than 

24 

8 


95 

1 -27 

0 01 

30 

2 


90 

1-02 


31 

3 


85 

0-70 


27 

4 





45°C. 


Christmas 

100 

2 04 

less than ! 

29 

16 


95 

1-47 

0*01 

35 

14 


90 

1-34 


34 

14 


85 

1 07 


38 

11 

Kosseir... 

100 

1-24 

0K) 

13 

1 


95 

1-22 


16 

1 


90 

114 


17 

1 


85 

1-22 


10 

1 

Sofaga ... 

100 

1 -59 

Oil 

21 i 

2 


95 

1 -44 


17 

3 


90 

1 -29 


25 

1 


85 

110 


14 

2 


Damage in the vapour phase occurred only with the Kosseir and Sofaga super¬ 
phosphates at 70°C. 


DISCUSSION AND CONCLUSIONS. 

(1) DaMAG 1NG AGENTS. 

The tests reported above give conclusive evidence of the damage to jute- 
materials by superphosphate under a range of conditions. The damage 
results in brownish-reddish discoloration of the fabric, loss of tensile strength 
and, in eases of severe damage, extreme brittleness. 

The deterioration is due to a number of agents of an acidic character, 
oi which hydrochloric, hydrofluoric and excess sulphuric or phosphoric acid 
are the most important. 

Of these, hydrochloric and hydrofluoric acids are the most active— 
hydrochloric being the more severe—and they are responsible for the 
excessive damage which occurs over a short period of time. They are 
occluded in the granules of superphosphate and act very severely on the 
la brie with which they come in contact. They act also in the vapour phase 
as the temperature rises sufficiently to cause a. substantial volatilisation,, 
hydrochloric becoming damaging at lower temperatures than hydrofluoric. 
1 he other two acids, sulphuric and phosphoric, probably exert a mild action 
on the fabric in contact and will become severely damaging when this contact 
is prolonged over a long period. 

Temperature is another factor of prime importance. In superphos¬ 
phates containing hydrochloric acid fabrics in contact are subject to excessive 
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damage as the temperature rises above 45°C. and, in the vapour phase, 
above 60°C.; with hydrofluoric acid types excessive damage occurs in con¬ 
tact above 50°C., and, in the vapour phase, above 70°C, 

The presence of chloride in Egyptian phosphate rock (p. 5, footnote) 
presents a problem in the manufacture of superphosphate and there is need 
for an investigation into the nature of the chloride. If it occurs solely as 
the water soluble form, it may be possible to remove it by leaching before 
manufacture. 


(2) Control Measures. 

(i) Facilitation of Escape of Volatile Acid Vapours. 

Factory practice may be modified to facilitate the escape of volatile acid 
vapours, both in the mixer and in stacks. 

(ii) Neutralisation of Acids. 

Running tests should be made to determine the amount of alkaline sub¬ 
stances to be incorporated with the superphosphate to give maximum pro¬ 
tection, having regard to the nature of the superphosphate and temperature 
conditions. Such a treatment would result in some dilution of the super¬ 
phosphate and a reduction in the water soluble phosphoric oxide content. 
Experiments indicate, however, that the addition of ground limestone does 
not. reduce the value of the phosphate in wheat growing. 

(iii) Spraying. 

Protection is afforded by the spraying of alkaline solutions on the upper 
surfaces of the topmost bags in the trucks immediately under the tarpaulins 
where optimum conditions for deterioration occur. 

(iv) Transport . 

Despatch of superphosphate manufactured from rock containing chlo¬ 
ride should be reduced to a minimum during the hottest months of the year. 
Delays in transport should be avoided. 

(v) Bulk Storage on Farms. 

Farmers should arrange to store the superphosphate in bulk as far as 
possible and a cement floor will be found convenient. After emptying, the 
bags should be well washed with water. A small amount of lime may be 
added to the washing water but strong suspensions of lime should be 
avoided. (P. 8, Table 4.) 
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